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A  I'm  voLmWTRIC  I'lEThuiJ  for  the 
np]T5;R].'IINATI0jvT  of  AHP.J^^TC. 

Methods  for  the  determination  of  arsenic  were  no  doubt  knovm 
j    before  the  publication  of  our  first  Chemical  magazines,  but  judging 
'    from  the  reports  published  in  the  various  periodicals  of  this  class 
the  methods  were  most  sought  for  and  experimented  with  between  the 
years  1880  and  1895.    As  Cairns  states  in  his  "Quantitative  Analy- 
1    Bis",  "The  determination  of  arsenic  is  more  frequently  required  in 
ores  or  metallurgical  products  intended  for  other  piirposes  than  in 
those  in  which  arsenic  is  a  desirable  constituent",  and  so  it  would 
appear  from  the  reports  published.    Methods  are  published  by  which 
arsenic  may  be  determined  in  Paris  Green,  In  wall  paper  and  when  it 
has  been  used  as  a  poison,  but  more  generally  they  deal  with  its 
determination  in  ores,  mattes,  alloys,  bearing  metals  and  cuprous 
material  and  in  its  separation  from  tin,  lead  and  antimony.    So  one 
would  Judge  that  its  influence  on  metallurgical  products  was  the 
most  important  and  that  methods  which  dealt  with  its  determination 
when  present  with  other  metals  should  be  classed  as  the  most  appli- 
cable to  general  determination. 

These  methods  for  arsenic  may  be  said  to  be  as  numerous  and 
as  good  as  those  proposed  for  the  determination  of  any  other  metal, 
but  to  one  who  has  reviewed  the  history  of  arsenic  determinations 
;    and  who  has  used  the  methods,  which  are  now  employed,  it  is  evident 
j    that  there  is  still  room  for  an  accurate  and  rapid  method  for  its 
jj  determination. 

'  Concerning  the  methods  now  in  use,  0.  o.  Beck  and  H.  Fisher 

have  experimented  with  the  most  used  and  give  the  results  in  an 
I   article  in  the  Chemical  News.  QJ 
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Among  the  methods  whloh  they  use  and  those  which  are  most 
commonly  applied  to  the  determination  of  arsenic  are: 


1. 

The 

«. 

The 

3. 

The 

4. 

The 

5. 

The 

6. 

The 

7. 

The 

The  Pearce  method  consists  of  a  fusion  with  an  alkaline  car- 
bonate and  nitrate  to  form  the  arsenate  ^:7]iich  is  precipitated  as 
silver  arsenate.    The  arsenic  is  determined  indirectly  through  the 
silver,  either  by  cupellation  or  titration  with  ammonium  sulpho 
cyanate.    The  criticisms  of  this  method  have  been  principally  on 
the  fact  that  the  solubility  of  the  silver  arsenate  varies  with  the 
condition  of  the  solution  and  can  never  be  counted  on  as  constant. 

The  determination  with  magnesium  mixture  is  perhaps  the  best 
known  method.    It  consists  in  bringing  all  the  arsenic  in  the  form 
of  arsenate  which  is  precipitated  as  ammonium  magnesium  arsenate  by 
means  of  magnesium  mixture  in  alkaline  solution.    This  is  burned 
and  weighed  as  the  magnesium  pyroarsenate. 

The  fault  in  this  method  is  in  the  solubility  of  the  ammon- 
ium magnesium  arsenate  and  in  loss  of  arsenic  by  reduction  by  the 
carbon  in  the  filter  paper  during  burning.    The  former  may  be  help- 
ed by  the  use  of  alcohol  in  the  solution  and  wash  water,  and  the 
latter  by  usjlrfig  a  Gooch  crucible  and  asbestos  in  ignition^  


The  distillation  methods  depend  upon  the  volatility  of  arsen- 
ic when  distilled  with  HCl  gas  at  a  raised  temperature.    Zinc  or 
ferric  chlorides  are  usually  added  to  raise  the  temperature  of  the 
solution  and  the  arsenic  is  determined  in  the  distillate  by  means 
of  titration  with  standard  iodine  solution,  or  precipitated  as  the 
sulphide.    This  method  is  one  of  the  most  exact,  but  is  also  the  [ 
longest  as  the  solution  must  be  nearly  all  distilled  over  before 
it  is  free  of  arsenic.  ' 

In  the  iodometric  determination  the  arsenic  is  either  re- 
duced and  titrated  with  a  standard  iodine  solution  using  starch  as 
an  indicator,  or  the  solution  is  reduced  by  a  soluble  iodide  and 
the  iodine  freed  titrated  back  with  standard  ammonium  thiosulphate.  | 

This  is  one  of  the  best  methods  in  use.  I| 

j 

The  iiraniuia  acetate  determination  depends  on  precipitating 
the  arsenic  from  a  solution  by  means  of  a  standard  solution  of 
uranium  acetate.    The  precipitate  being  uranium  arsenate.    The  end  ; 
point  is  shown  by  the  excess  uranium  acetate  coloring  a  drop  of  j 
potassium  ferro  cyanide  on  a  dropping  plate.    In  this  determination 
the  fault  lies  with  the  solubility  of  uranium  arsenate  in  varying 
media,  and  in  the  dropping  plate  end  reaction,  as  a  blank  correc-  , 
tion  is  usually  necessary.  I 

The  determinations  of  arsenic  as  a  sulphide  and  by  means  of 
permanganate  are  but  little  used  and  hence  need  no  explanation. 

In  the  laboratory  work  which  had  for  its  aim  the  perfecting 
of  a  method  which  woiad  be  more  rapid,  and  if  possible,  more  accur-  j 
ate  than  any  of  the  methods  thus  briefly  outlined,  the  first 
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question  seemed  to  be  to  bring  all  the  arGenic  into  the  form  of  a 
soluble  arsenate.    With  this  in  vievj  the  following  method  of  fusion 
was  experimented  with: 

A  sainplo  of  finely  ground  arsenic  ore  (using  .5  gr.  )  was 
weighed  out  on  a  tared  watch  glass  and  transferred  to  a  well 
scoiired  nickel  or  iron  dish.    Here  it  was  well  mixed  with  5  gr.  of  ' 
pulverized  NaOH  (Greenbauk  Alkali)  by  rotating  and  rapping  the  dish 
'     and  the  whole  covered  with  10  gr.  of  Na2  02.    The  dish  was  then  care- 

!i  [i 

[l  fully  heated  over  a  Bunsen  burner,  slowly  at  first  and  finally''  at  i 
'     full  heat  for  3-5  minutes,    after  fusion  had  become  quiet.  Keep- 

j 

Ing  the  fused  mass  well  mixed  by  a  rotary  motion  and  keeping  the 
rotation  up  while  cooling.    When  sufficiently  cool,  the  dish  was  I 
placed  side  wise  in  a  casserole  large  enough  to  hold  it  conveniently 
and  the  fusion  dissolved  by  water  added  in  a  small  stream  from  a 
-  wash  bottle.    Wlien  all  is  dissolved  from  dish  it  was  well  rinsed 

^    and  scoured  with  a  policeman  and  removed.    The  solution  was  then 
boiled  to  precipitate  the  ferric  or  nickel  hydroxides,  filtered  and 
well  washed  with  hot  water  and  the  filtrate  made  up  to  a  definite 

j    amount.    The  precipitate  on  the  filter  was  dissolved  in  concentrated 
HCl,  heated  and  tested  with  H2S  for  arsenic. 

It  was  found  that  iron  dishes  could  not  be  used  as  the 

1    ferric  hydroxide  held  back  the  arsenic  in  quantities  as  high  as  50^ 

li 

I    of  the  arsenic  present. 

Using  a  nickel  dish  and  the  above  method  it  was  foiind  that 
in  about  half  the  fusions  made  arsenic  remained  in  the  residue  on 
I    the  filter  after  washing.    The  method  was  then  varied  in  that  about 
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5  gr.  of  NaaOg  was  first  added  as  a  cover  and  then  the  fusion  was 
made  over  a  blast  lamp  at  a  bright  cherry  heat.    When  well  fused 
another  5  gr.  Na2  02  was  added  and  the  fusion  continued  5-8  minutes, 
when  it  was  cooled  while  rotating,    v/hen  the  residues  from  these  il 
fusions  were  tested  no  arsenic  was  found  to  be  present  showing  that 
It  had  all  passed  into  the  filtrate  as  sodium  arsenate. 

Fusions  of  arsenic  ores  have  been  reported  where  KCIO3, 
KNO3,  KgCOg  and  NagCOs  and  NaOH  and  KNOg,  have  been  used  as  flvixes, 
but  no  mention  has  been  made  of  fusions  v/here  NaOH  and  NagOg  have  ' 
been  used. 

The  method  upon  which  the  first  work  was  done  would  probably 
class  under  the  heading  of  the  uranium  acetate  determinations,  but  \ 
differs  from  any  method  reported  in  the  following  detail: 

1st.  The  arsenic  acid  is  precipitated  by  means  of  zinc  ! 
chloride  thus  freeing  from  all  impurities  except  phosphates.    This  I 
is  the  first  time,  so  far  as  can  be  found,  that  zinc  has  been  used 
to  precipitate  arsenic  acid,  no  mention  having  been  made  or  use  of, 
the  fact  that  zinc  arsenate  is  insoluble  in  slightly  alkaline  j 
solution.    As  was  proven  in  further  work  all  the  arsenic  is  pre- 
cipitated by  a  slight  excess  of  the  zinc  chloride  and  the  precipi-  i 
tate  is  not  at  all  like  the  salt  having  the  formula  Zn(NH4)As04,  j 
but  corresponds  both  in  form  and  behavior  to  the  normal  Zn8(As04)2. 

The  method  in  detail  is  as  follows:-    An  aliquot  part, 
usually  10  c.c.  of  the  filtrate  from  the  fusion  was  taken  in  a  j 
beaker,  which  had  a  100  c.c.  mark  cut  upon  the  side.    Methyl-  | 
orange  was  added  as  an  indicator  and  the  solution  neutralized  with  I 
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concentrated  HCl;  then  3  c.c.  concentrated  IICI  added  and  5  c.c.  of 
l(yf>  ZnClg  solution.    Ammonia  was  nov;  added  until  the  acid  was 
nearly  neutralized.    The  solution  is  now  heated  to  boiling  on  the 
sand  bath  and  very  dilute  ammonia  added  in  slight  excess.  All 
smell  of  ammonia  is  boiled  off  and  the  zinc  arsenate  is  filtered 
and  washed.    This  is  now  washed  back  into  the  beaker  where  the  pre- 
cipitation was  made  and  the  precipitate  dissolved  in  the  least 
amount  of  glacial  acetic  acid  possible.    The  volume  is  now  diluted 
t     to  the  100  c.c.  mark  and  the  solution  heated  to  about  70^  C  and 

titrated  with  a  standard  solution  of  uranium  acetate,  using  K4PeCy6 ^ 
on  a  dropping  plate  to  determine  the  end  reaction.    The  iiraniian  *  . 
acetate  was  standardized  against  a  solution  containing  a  known 
amount  of  K3ASO4  and  having  the  same  bulk  and  acidity  as  the  solu- 
tion from  fusion. 

I  This  method  as  a  whole  may  be  said  to  be  a  new  one  though 

titration  of  arsenic  acid  with  uranium  acetate  was  used  as  far 
back  as  1878  by  Millet  and  Maguerne" and  0.  Ducru"has  used  cobalt 
salts  to  precipitate  arsenic  acid.    No  one  had  however  even  comr- 
bined  any  two  parts  of  the  method  and  so  the  field  seems  still 
open. 

I  In  work  with  this  method  it  was,  of  course,  necessary  to 

,    use  solutions  which  contained  a  known  quantity  of  arsenic  and  four 
such  solutions  were  made  up. 

The  first  was  made  by  v/eighing  out  a  known  amount  of  potas- 
sium arsenate  and  making  up  to  a  knovm  volume.  But  as  we  were  not 
sure  that  the  potassium  arsenate  of  the  laboratory  was  free  from 


phosphate,  the  salt  was  piirified  as  followG  and  two  arsenate  solu- 
tions made  up.    The  K8ASO4  was  dissolved  in  distilled  water,  aoid-  | 
if led  and  heated.    Then  the  arsenic  was  precipitated  by  means  of  a 
stream  of  HgS.    The  As2Ss  was  washed  thoroughly  on  the  filter  with  ' 
hot  water  in  order  to  remove  all  impurities,  particiaarly  phosphate, 
1;    if  present.    The  sulphide  was  now  dissolved  in  concentrated  HNOs  in 
I    a  porcelain  casserole,  which  oxidized  it  to  arsenic  acid,  diluted 
and  the  arsenic  precipitated  by  means  of  magnesium  mixture  in  am- 
moniacle  solution.    This  precipitate  of  ammonium  magnesium  arsen- 
ate  was  dried  and  ignited  to  the  pyro- arsenate.    The  pyro-ar senate 
was  dissolved  in  the  least  amount  of  HCl  possible  and  diluted  to  a 
known  volume. 

The  fourth  solution  made  up  was  an  arsenite  solution  made 

by  dissolving  .66  gr.  arsenous  oxide  and  making  up  to  a  liter. 

This  was  titrated  with  standard  iodine  solution. 

25  c.c.  standard  arsenite  solution  =  25  c.c.  standard  iodine 

solution 

=  24.9  c.c.  standard 

iodine  solution 

=  24,9  c.c.  standard 
 iodine  solution. 

24. 9S  mean. 

This  was  done  in  order  to  test  the  standardization  by  means 
of  the  distillation  method. 

25  c.c.  of  the  arsenite  solution  was  distilled  in  a  stream 

;    of  HCl  gas  with  10  c.c.  10^  FegCle  solution.    This  was  repeated 

i 

I    with  Znci2  in  place  of  Fe2Cle,  but  in  both  cases  the  results  were 
low  unless  practically  all  the  solution  was  distilled  over,  so  the 


method  was  not  used  for  standardization. 

The  second  and  third  solutions  made  as  described,  by  discolv 
Ing  the  pyro- arsenate  were  standardized  by  means  of  1st,  the  gravi- 
matrio  magnesium  mixture  method;  2nd  Pearce's  method  and  3rd,  the 
standard  uranium  acetate  solution  method.  Values  of  solutions  are 
given  in  TABLE  I,  below. 
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In  the  laboratory  the  first  point  of  the  method  to  be  tested 
was  the  effect  of  ZnClg  on  the  titration  with  uranium  acetate. 
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From  these  readings  one  would  judge  that  ZnCl2  did  not 
effect  the  titration  with  uranium  acetate  solution. 

2nd  the  solubility  of  Zn3(As04)2  when  the  composition  of 


the  solution  is  varied. 
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Prom  these  results  it  would  be  judged  that  excess  NH4CI  and 
NH4OH  tend  to  dissolve  the  Zn8(As04)  and  are  to  be  carefully  regu- 
lated when  precipitating.    It  was  also  noticed  that  the  Zna(As04)2 
disGOlved  in  less  acetic  acid  when  freshly  precipitated  that  it  did 
after  standing. 

?:he  next  point  tested  was  whether  it  was  necessary  to  apply 
a  blank  correction  to  the  titration  with  uranium  acetate  solution. 
With  this  in  view  took  100  c.c.  H^O,  added  2  drops  acetic  acid, 
heated  to  70^  C  and  titrated  to  end  reaction  v/ith  standard  uranium 
acetate  solution. 

1st  titration  =  .6  c.c. 

2nd  titration  =  .6  c.c. 

This  correction  factor  was  api^lied  to  all  subsequent  titra- 
tions. 

The  following  reagents  were  now  tested  in  turn  as  precipita- 
ting agents. 

1.     zncia  2.  Mnci2 

3.       Ni(N08)2  4.  Co(N0a)2 

Results  sre  shown  in  TABLE  No.  II,  below. 
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The  results  would  tend  to  show  the  order  as  to  clean  pre- 
cipitation, the  following: 

1.      MnCls  2.  Co(N03)2 

3.       ZnCl2  4.  Ni(N0s)2 

Teste  were  made  to  see  if  MnClg  and  ZnClg  precipitated  all 
the  arsenic  in  the  solution,  and  as  no  arsenic  could  be  found 
after  filtration,  the  precipitation  by  both  salts  was  judged  to  be 
complete.    The  manganese,  however,  tends  to  filter  more  slowly  than 
the  zinc  and  also  has  a  greater  tendency  to  precipitate  the  hydrox- 
ide with  the  Mn3(As04)2. 

The  precipitation  with  Co(N03)2  was  not  tested  to  see  whether 
it  was  complete,  for  the  reason  that  this  solution  was  colored  and 

masked  any  indicator  used  to  determine  acidimitry.    0.  Ducru,  how- 

{91 

ever,  claims  in  an  article  in  the  Chemical  News,  1900,  that  arsenic 
acid  can  be  completely  precipitated  by  cobalt  salts  and  v/hat  work 
was  done  with  cobalt  nitrate  would  tend  to  confirm  his  belief. 

For  some  time  it  had  been  noticed  that  the  resolution  of  the 
Zn3(As04)2  and  Mn3(As04)2  were  apparently  incomplete  in  the  acetic 
acid.    This  was  now  tested  and  it  was  found  that  in  the  amounts  of 
acetic  acid  which  could  be  used,  these  salts  were  not  completely 
soluble  and  that  the  residue  always  contained  arsenic.  Large 
amounts  of  acetic  acid  (1  c.c.  or  more)  would  easily  dissolve  the 
precipitate,  but  in  the  presence  of  so  much  acid  the  precipitation 
with  the  standard  liranium  acetate  solution  was  incomplete,  due  to 
the  resolution  of  the  precipitate  and  the  results  would  be  of  no 
value  as  a  consequence. 


As  no  solvent  could  be  found  which  would  nerve  this  pur- 
pose and  as  results  continued  to  vary  under  the  most  stable  con-  | 
ditlons  possible,  this  method  was  abandoned  and  experiments  were 
tried  to  develope  a  new  method. 

It  was  found  on  experimenting  that  Zna(As04)2  was  readily 
soluble  in  1/2  or  l/3  n  HCl  solution,  so  it  was  determined  to 
attempt  an  acidimetric  determination.    This  was  sugf^ested  by  an 
article  on  "The  Volumetric  Determination  of  Zinc",  by  walker,  pub- 
lished  in  the  Journal  of  the  American  Chemical  Society."  The  author 
precipitates  the  zinc  by  means  of  phosphoric  acid,  as  ZnNH4P04,  and 
dissolves  the  precipitate  in  a  standard  acid  solution,  titrating 
I    back  the  excess  acid  with  standard  alkali,  using  methyl-orange  as 
1    an  indicator.    Mr.  Walker's  results  are  very  accurate  and  the 
1    method  rapid  and  simple  in  detail.    According  to  the  author,  be- 
cause of  the  ready  solubility  of  ZnNH4P04  in  excess  of  ammonia,  the 
I    method  can  be  used  in  the  presence  of  Mg,  Mn,  Pe  or  Oa,  which 
!    metals  can  be  removed  while  the  ammonia  holds  the  ZnNH4P04  in 
solution. 

The  similarity  ~of  action  in  arsenates  and  phosphates  would 
load  one  to  believe  that  these  metals  could  be  removed  in  the  detern 
mination  of  arseni??:,  and  the  Zna(As04)2  has  been  proven  soluble  in 
I    excess  ammonia  in  the  laboratory  work. 

Up  to  this  point  the  composition  of  the  precipitated  arsen- 
ate of  zinc,  when  the  warm  solution  of  arsenic  acid  and  zinc 

jj  T. 

Chloride  was  made  slightly  ararooniacle,  had  never  been  proven,  but 
it  was  assumed  that  it  had  the  composition  Zn3(A304)2  because,  as 
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has  already  been  raontioned,  the  precipitate  corresponded  in  form 
and  behavior  to  the  normal  arsenate  and  not  the  ZnNH4A304.    In  the 
following  work  this  assvunption  was  verified. 

The  first  work  on  this  new  method  was  to  ma}^.e  up  a  n/2  NaOH 
solution  by  balancing  against  a  n/2  oxalic  acid  solution  (made  up 
graviraetrically )  and  a  n/2  HCl  solution  was  then  made  exactly  equal 
to  the  n/2  NaOH  solution.    The  arsenic  acid  was  precipitated  by  the 
ZnCl2  in  the  presence  of  NH4CI  and  faintly  alkaline  the  same  as  in 
the  former  method.    This  precipitate  was  washed  free  of  ammonia  and 
dissolved  in  10  c.c.  of  the  n/2  HCl,  methyl- orange  added  and  the 
excess  acid  titrated  back  with  the  equivalent  n/2  NaOH.    The  com- 
putation was  based  on  the  equation 

Zng(A304)2  +  6HC1  =  SZnClg  +  2H3ASO4 
Thus  in  terms  of  arsenic  each     6H01  -  2  As, 
or  in  the  computation 

2  As  :  6  HCl  ::  x  (arsenic)  :  no.  c.c.  HCl  x  value  per  c.c. 
150    :  218.76  ::  X  :  no.  c.c.  x  .01823. 

.01823  =:  value  n/2  HCl  per  c.c. 
This  method  was  found  to  give  duplicates  which  agreed  very 
Closely,  but  sets  of  duplicates  did  not  always  agree.    This  was 
found  to  be  because  some  Zn(0H)2  ^as  precipitated  with  the  Zn3CAs04) 
because  not  enough  NH4CI  was  present.  ' 

TO  avoid  this  a  5^0  solution  of  znClg  was  made  up  on  the  same 
principle  as  a  magnesium  mixture  solution,  which  contained  enough 
NH4CI  so  that  no  amount  of  ammonia  would  precipitate  the  zinc. 
After  this  was  used  the  sets  of  duplicates  agreed,  and  confinned  „ 
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the  form  of  the  precipitate  to  be  Zn8(A304)2. 
||  The  effect  of  an  excess  of  NH4CI  within  reasonable  limits 

was  tried  -  the  results  are  shown  in  the  following  table: 
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This  would  tend  to  show  that  the  NH4CI  did  not  have  any 
great  effect  when  present  within  certain  limits,  and  a  slight 
excess  does  not  hurt  results. 

It  was  thought  that  perhaps  the  quantity  of  NaCl  present  in 
the  fusion  solutions  from  which  the  zn3(As04)2  was  precipitated 
might  effect  the  solubility  of  this  salt.    The  NaCl  is  present  due 
to  the  neutralization  of  the  NaOH  present  due  to  the  fusion  with 
NaOH  and  Na202,  with  HCl  before  precipitation. 


In  order  to  test  this,  experiments  v/ere  made  with  varying 
quantities  of  NaCl  present.     (Results  in  table  below). 
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Prom  these  results  one  would  judge  that  NaCl  within  limits, 
does  not  affeot  results  in  the  least. 

An  attempt  was  made  to  determine  whether  antimony  if  pre- 
sent in  the  ore  would  affect  results,  but  the  results  v;ere  not 
definite.    Judging  from  what  results  were  obtained  it  was  thought 
that  an  antimoniate  of  zinc  was  not  formed  with  the  ZnClg,  but 
that  the  Sb2  0g  affected  the  titration  and  vitiated  results, 

A  number  of  titrations  were  run  on  the  standard  solutions 
and  upon  two  ores,  which  last  were  checked  by  gravimetric  determina- 
tions by  means  of  magnesium  pyro-arsenate  determinations.  These 
results,  compare  very  favorably  with  the  checks.     (See  TABLE  No»  III) 
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